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The immune system is costly to
maintain and use [1], and because
organisms are resource limited, the
allocation of resources to immune
function should trade-off against
other fitness components [1,2]. While
flexible resource allocation indicative
of trade-offs is evident in several
taxa, and correlational and
phenotypic evidence suggests
immune investment often trades-off
against reproduction [3–6],
experimental verification is lacking.
Experimentally enforced
monogamy or polyandry, however,
alters evolutionary patterns of
resource allocation to reproductive
traits in lines of the yellow dung fly,
Scathophaga stercoraria [7,8].
Polyandrous lines invest more in
testes and in female reproductive
glands [7,8]. Presumably resources
for this increased investment have to
be reallocated from some other
function, so possible
microevolutionary trade-offs with
immune function were investigated. 
After twelve generations of
polyandry (P) or monogamy (M), the
body size and immune response of
virgin flies were measured. Insects’
immune systems rely entirely on
innate immune mechanisms [9–11],
including melanization and
encapsulation [12]. A critical
component of the melanization
process is phenoloxidase (PO), an
enzyme forming part of the cascade
leading to encapsulation [11]. As a
result of its activation, associated
proteins become biologically active,
and pathogens are blackened in the
host haemolymph by melanin
deposition. Importantly,
encapsulation ability, and hence PO
activity, has profound fitness
consequences in many taxa [13-15],
correlating with host susceptibility to
parasites in some dipterans for
example [16]. Insects also release a
suite of antibacterial peptides when
injured. While production of
antibacterial peptides in insects is
delayed for up to a few hours after
injury, the PO reaction results from
immediate activation of the standing
crop of soluble proteins and
proteinases in the haemolymph [17].
Both aspects of the insect immune
system were assessed (see
Supplementary material for methods). 
Body size did not differ between
treatments (P or M) (ANOVA of
mean hind tibia length
(HTL) ± SE mm: P
lines = 3.28 ± 0.04; M lines =
3.38 ± 0.05: F1,6 = 2.59; p = 0.159),
and sex (male/female) and body size
had no significant influence on either
immune response in any analysis
(MANOVA: HTL-r < 0.26, t < 0.97,
p > 0.35; SEX-F1,1 < 0.36, p > 0.56),
so they were removed from the final
models [18]. Flies from the P lines
had significantly lower PO responses
than M flies (F1,6 = 6.19, p = 0.047;
see Figure 1). These lines also had
larger reproductive organs [7,8].
However, treatment had no
significant influence on bacterial
growth inhibition (means (±SE): M
lines = 170.2 (± 36.9) mm;
P lines = 188.5 (± 29.3) mm;
F1,6 = 0.15, p = 0.712), and inhibition
zone size was not correlated with PO
response (F1,6 = 0.065, p = 0.807).
Inbreeding differences are
unlikely to explain these results,
especially since lines likely to be
more inbred (M lines) had better PO
responses. Moreover, MX lines
(crossed monogamous lines) and M
lines did not statistically differ in
either their PO responses (means
(± SE): M = 29371.2 (± 4404) v.
MX = 24398 (± 1942); F1,6 = 1.07;
p = 0.341) or their zone inhibition
assay (means (± SE): M = 170.2
(± 36.9) mm v. MX = 112.8
(± 46.7) mm; F1,6 = 0.93; p = 0.372).
Results therefore indicate an
evolutionary trade-off between
Figure 1
Effect of polyandry and monogamy on
immune response. The mean (± SE)
untransformed phenoloxidase response for
each treatment is shown. Errors are based on
lines not individuals.
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investment in reproductive tissue
and immune function.
Previously, P flies were shown to
invest more in reproductive tissue
[7,8]. However, this increased
investment and the ability to
circumvent the interests of the
opposing sex apparently came at a
cost to the immune system. Similar
phenotypic trade-offs between
reproduction and immune function
have been reported in many taxa
[5,19–21]. Comparative studies of
birds also show negative associations
between testis size and some aspect
of immune function within and
across species [22,23]. The data
presented here provide experimental
evidence consistent with these
macroevolutionary patterns. 
Importantly, none of the test flies
copulated and all had ad libitum food
and water. Therefore, PO responses
probably have a genetic basis,
although full-sib analysis indicates a
significant PO heritability for males
only (males, F22,32 = 1.93, p = 0.04;
full-sib h2 corrected for unequal
family size = 0.52 (± 0.15);
females, F42,51 = 1.48, p = 0.091 [24]).
While maternal effects are possible,
immune function is heritable in other
taxa [25–27]. The differences in PO
response also indicate that sexual
selection does not enhance the
immune response of dung flies, as
has been reported in some birds [28].
And unlike primates [29],
promiscuity does not select for
increased immunocompetence. The
above data clearly show that flies
evolving under intense sperm
competition invest more in traits
beneficial in paternity conflict [7,8],
but this investment results in a
reduction in immune function.
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